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M*IMll#©«H] 

mmmmt. mmmmMtmf&zntcmm&t. mib 
mmnrn t rniw.mnm. t © m lets » e, x -t <*, > y 

& Nf t WIEiii^S® ft © j&£J«^£ A-f 7 X « ic xk f « 

^i©p B iK>'>^< tt>i orotic. flttExtfMiffiXtt 10 

it mzft®. t -r * x iitgt. 

HUBMt&ftfciWEfflttLT, Mo, W . Ta. Zr. Ti. H 
f. Th, Sin. Gd. Nd. Dy. Pr. Tb. Ce. Pd. Rh, Eu, L 
a. Tin. Er, Yb, Y , Sc**&fc**a*5aKanafc 
JS. *fctt8ttSH»*^S*?3tlS2 JBLt©&JS*-Str-& 
iSfcteAlCZr. Ti, Ta, Hf, Th. Sm. Gd, Nd, Dy. 
Pr. Tb. Ce, Pd, Rh. Eu. La. Tin. Er. Yb. Y . Sc©5 
*>'Ptz<£bl t>©fc««:£W***^fc. SfcteCulCZ 20 
r. Ti. Ta. Hf. Th. Sm. Gd. Nd. Dy, Pr. Tb, Ce, P 
d. Rh, Eu, La. Tm. Er. Yb. Y . Sc<D5%'J>U< £*>l 

[»*SI3] (MEii*M^EX||t«fflr£&K£ffiE 

(SMffi^tcDIBIlciSlW-sn. SJfBiiiS«ScDX^®:iR 
«*#fflEX««*r*»R©XI»»JR«Sc± 0 ** l» C 

[M#£4 ] WE«***fcttWE/t-f TXfctfiWEX 
«««f*«BltflttE«affl* ; Fi:«)IIII»ca9:it6n, HtrlE so 
«*»«*fc»4l»EA-l'7 , ^i|ft©X«l»««*»*iaEX* 

s^f^i@oxi^®iR«»«fc o^ctr^c ts^atf -s 

flt&Hl EttttXttAflk&B. 

[«93©8MBfcift9I] 
[0 0 0 1] 

[0 0 0 2] 

[«#©«*] ifi^. bs*»»c*v»t»4. &ft&aa 

[0 0 0 3] X»l8KWia«^— ^'iC^^Tfc'X-^^. 
-f^M*«ainTt>4. BfflXiM»Br£ll-?tt, fiE 

;uAfc«fflUTa»LT*fc7i«. cn^f-f 50 



2 

i>oTl*. gjfifi. I -f>^*Ig©CCD 

0dAtfW<OfiigS:-r^«-&. 40cmx40cmig^©6S*£ 
M©*SHb7^Sg ICfc -0 T U 

[0004] z.n*>i #a©raa*»ft"f sA'iStLT 

7tJP77Xy'ja>iK h ^>->*X^ (a-Si TFT) £ 

ffl i » fciw»**** o x abasia tti»*<*i36 inti^s 

( 0iJ*.fc£US4, 689, 487). 

[0 0 0 5] 06 !c;i©X)i£¥ffi&ffi§§©#t/S£*U 

UfcXi«**3tl*:<»-CBI«)t«llCi6«lL,. StftLfcJfc* 

©xag^ffl&fcBSgTrifc&o [16 IC*5^T. BSel. Hi. 
a-Si TFT601, 3ttttX&R602 &tfK**St( WTCst 
t-r«) 603T*)«Sn, &Hi^e tt. K«©»5ZHC»B' 
&&»5Sr/FBftA//f7H , tt( ttTTFT 7Hiff*) 

mod a*< Txmffi^mpsn^>o a-si tft60H4. 

mm t^««l606 tCf^bT*3 0. ^3E^ffiSbll]8S60 
7 l:J:-3Tt>/ ^"7^iPJfflI$tl*. ff^605 ©^iffl 

•^^609 SfflbTfi^«ttlffl©lfMB*610 l:Mlt^ 

[0006] x**«x»-r*t, x**Bai*anfc*3t 
I* an, Cst603t«wr*«*«an*. ^mmm^m^ 

7 T^fi^606 Zmmi-] OO3t3SEi»606 IC«S«UTI» 
-51 yiJ<7Da-Si TFT601€r^->lcT^>i:, #Sanfem??r 

tt<g*»*605 ^iioT«tsig6io ffliceMan^). mo 
a^jl, crt nfc^/Km^^^Ti^ie^ft^tc^gi-r 

1S^8§610 ©ffi*S«»4*{b-r*. 

[0 0 0 7] 136 fl^-T^iSte. 1^*1^610 
^A/D ^«5-r-g>*T. ifl^^^ v^;VH«S(r-r***iffi 
JtS^o MIC. ®^c7)H3sa5*£te, a-Si TFT601 T V^\Z 

[0 0 0 8] CWffitC. iU^tCAWU7cX^?:ii:tgl|^ 

ic«ift-r*ia»*aA'ic©x»¥i8ttm»*<ft*. 

S»**^5t©Xll¥SS1ftm»T?»4. lWffi©Wlt**«* 
^©fcrotli. X*«ffi*»R*»3fc*«»RK:8iiJlrt-*> 

aw rx©^#a tfrirjjtfi&uz, fflte%.mJST$:<Dm 

7tm^lftll3©*l-ScV 0ft©;H7XS:^W5. 

a^t^jiristt^nr^scst t^m^B^g^w^s 

Csi lZl^*iT^-S>. r©*&. Cst ic^A^m/EH. 
S^CT^mSHftlSlCAHtTUS/'C-f 7XW&V TS)-5o 
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[0 0 0 9] ^-tl(Ci-tLT. ifi«*«l*iCTtt. x&n 

^n-5o i^u Ai*-r*x«i*j6«ia*&«^tt. est 

K»iMSn*««f3&«it*L. »*10kVSflE««EE*«Cst 

tC^O, liCX-T y^tLTKttTl^-STFT ^»Cst 

«*STfi, Cst KS;fcfc«ffij&*i&^&fcl»«fc*fiBrt« 

[OOio] xtt«ffi£ttR0±JBi;: 
Sl:9i*JI( HASH) *Ktt*»l;:J:D, Sf«HfcJ:& 

a>T ; >-!t. X^S^S«ffilic < J;^=i>7 :: >-y-, SMs 

##«£tlT#*g£*l£«tcUT. TFT OlfiftttS^K 

[ooii] rm:*n. #ia^(c«tiffl*«ism^<h 

uttft <Dt&m&m&V5<mbih%:2><> 
[0012] A#t-«©«ST»i^«k«-eijwr4 

a. tft ©e»ti;&Si« c©* 

»j -> u 3 xp-sd m<D^mm<D^^m^m^ 

SWWSLli. TFT tp-Si-r»)*-r*t. TFT 

fc. «5aiHi»"bHi;*7^*«±T?fpj«T?#**. nzi 

ffiT<3<, 

[00 13] Lt^U p-Silia-Si!Ctt^T/N*> K=£v ■> 
"77^$ n*l:JHt+ * U /"SME^S < , U -fnffi.& 
/h$<-r*tl*sm*a:V». ^(c«g|fflTFT l:(lA'-f7X 
«IE*^tt«»K, U 'J-** 

c»fiEsn&^*fcu-^««t*«nwm*-r. ldd 

[0 0 14] 
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p-n «^©BE8itf^ffl©*fk{c«J:0. U-^*8it*i 
ItflpLTL* ptt^SIS^fc^fc. £7c. 
i: X«W*JIH« $ tlp-S i * £*H8a«3fi «fe L i: t> * 

0. *£JH4as&< Xigll;:J:&*R&^fi£l;:i§(,>p-Si TFT 

ic *j v » t x ^ ma i w <t -a £i£tw* i: a * ^niiEa t & 

[0 0 15] 

»»W««lli5t»T, A»l/fcX«S«ffifJC*Si-rSX 
««IDf«lftKa:, Xj»«ffif3C«Bt±-CBiSRf*fcS9:lt6n 
fcH*««t, X**«f««BHlJ:»5*aanfc«fflf* 

[0 0 16] XM«ffi£aN.hftaSJHX?£a>Mk:l2l* 

6ft7cHiW:Mo, W . Ta. Zr, Ti. Hf, Th, Sm. Gd, Nd. D 
y, Pr, Tb, Ce. Pd, Rh. Eu, La, Tm. Er. Yb. Y . Sc 

S2 Ei±O^KSr-&^!fe, SfcliAllzZr, Ti> Ta, H 
30 f, Th. Sm, Gd. Nd, Dy. Pr, Tb, Ce, Pd, Rh. Eu, L 
a, Tm. Er, Yb, Y , Sc<D z> *>'Mi< tfcl "DWRZtl 
S<feKS:-g-W-r*^, S7t(iCu(CZr. Ti. Ta, Hf, T 
h, Sm, Gd. Nd. Dy, Pr, Tb, Ce. Pd. Rh, Eu, La, T 
m, Er, Yb, Y , Sc£>o*>'>&< tfcl oji#J$n-5& 

[0 0 17] ff^. /H7X^> 

R7i«. X*«ffif*»Ki:«ISffl* J F-t©MIC»lt6n, 

-tne.»x«iaRjR«»**xiii«fflf*8iR«)x«aMji«* 

<tOA#<Tfc^^c 
40 [ 0 0 1 8 ] 

ttwr***. *««ttcne.«)^Mi«»ciiS*snat>© 

^ttfi»ttO)ei3Rttl<£«;Bll BP'S, 2(E*Jfi««C*J 

[0 0 19] ^^jcoiS^^itrox^tiSScoiii 
3m 10 1 H. Ell IC^TilO. X-f7f>^fiLTffl 
l»5ft«p-Si TFT102, Xtt«fffXiftH[103 . RlXCstl 

50 *rO>£». Cstl04tt, Cst /N*-f7X105 (CttScbTl^ 
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*. Xtt«ffi£»R103 Ktt. WE««106 \z£iTiE 
0>A>f7X«JE**fflSP£*l£o P-Si TFT102ti, tf—V 
mffitfjk&moi iz. KK >«S**«^»108 KftIR 

is^n^. ajhhios (Dmmt. tgmnmm<Dm«&ii 

0 fcftttLTV**. ff«fflTFTlllttA>f 7XIB112 *» 
9«SU13 i:«k0/H7^3nt^5. AW 7X»112 

n, c<D&mmm\\m. 7x«EE£t±<&«ffl 

£A-T7Xi£U12 iDI^lTl^, 10 

[0 0 2 0] X«OA»«CJ:-DTXi|ft«ffirje8HR103 T 
^dESnfc«fflf7&*Cstl04HRrSO, p-Si TFT102^JS^ 

«t8fflTFTlll*^iBK101 ntcflfEHiLT^€r. p-Si TF 

Ti02tcsti04tcia«jE***^e>»:iie6iw-r* o 
[0021] c<D«f©«WfoaEumitt^>f*-Hffl(Z) 

AW7X3S112 T, WEU13 tC«tOAWTXJ»112 <E>S 

«*.*»A*ai3fc2>. Cstl04tCl?Sofc«?e«, ^*^10 

7 S^aE-T^^ttCckO, ^CD^ijgU07 ±(OH31I101 20 
(D^ttl^tKDp-Si TFT102£:*>lIbT, IS*Hftl08J; 

ott^tu-r. «*msnfc««ftt««»iio \z&mzn 

[0 0 2 2] 02 ttB!*¥ai2. 03(a)te02 <£>a-a M 
(£>#rS0, 03(b)te02 £>b-b p B lc£>BJrS0-Tr&£o 
101 tip-Si TFT102, «MM!TFT11K Cst 104. m^tRlO 

8 , 7&&m\01 , A-f7XiJ8112 ^bft*$tm^c 
02 THH3 IC*5W^BHR«*301 <£ 9 _t<£>Jf £^B§ L 

[0 0 2 3] Cstl04«p-Si302 *rtazttfo-?Z>Csi 30 

^201 , p-si302 izt%i8c'$ftz>cst±i$mmm iz^o 

«J5££nT^£o ^CtzH3(a), (b) <0Wffii2Tfltj*£:Bi 
Mf*. #^Xg«304 ±lcT>y-3-h^305 tL 
T, SiNx<hSi02C02 JBSr* ^n^n^50mn> ^JlOOnm co 
KJSTflg/ilt*- £ & Ka-Si *#j50nm<BBI®T»j£T 

UTp-Si302 ^JC U^X h * £7 £ UTVt 

-yt^c Si02Sy-H»«rlie306 £LT/SB5IU Cst 
)H201 , «^Ty-H««307 , j£SE«107 M7 40 
X3&112 £Mo, W , MoW #(7>Xi»KJR«»(7)*:#^:»fi- 
Sffl^TJgrici - *. 100 -^J500nm TfiK & 

(C, MoW HXttUvX h*VXi7 tLTLDD fflOn-^^ 
308 &MJ&~?Z>o BfC, y-X • KU^f>«affl5W*.* 
BBPLfcWvX HfSTX^tLT'J >Srl0i9cm-3H — 
^LTn+««309 £f£/£-f 3, HP B 1*6^3K310 coSiO li 

^tc* cst ±sb®*I303 t. mmm mm<Dmom 

BEi&te, X«aRJR«»<0*€rii||o, W , MoW m MoTa, Ta 50 
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I?£ti#Jl00 -ttSOOnm TfiU, CcDiitC 
AS^-va >H311 <hLTSiNx£&J200nm 0)BilPT^ 

isu cst ±SKm<i303 Rztmmmmuy?? ubicbb 
q&mi&-?z><, z<D±\z&yt&'<> % />>i7n-fT>iK 

flS«e»B^3 1 2 Sr»2 mid JBfiKU Cst ±SB«ffi30 

3 , mm3>? & bmzmu&MtiLLrzWzmmnmo 

1 &*/£-r*. iBSt««301 ttX«<Z)KiRffift*^$^ 
In203 • Sn02co?g^^, Tu Zr, Ta> HfBISrffl^*. 
J5$H*550nm^«2 mhi WSl^, "7 air X t^i 
^tt^O^JlOO -^J500nm **J;9J?$U^o dc7D±{3Se 

mH314 &MJ&*TZ>o 
[0 0 2 4] 04 tC, ±IE<7)A-ffit?X«IS:3BKUfciS^ 

p-si mm<D&^^TXT*<D{%mmi¥i\\\<Dmtt 

100 P*ra«G5'J-^«Sit41t, fi£*ffiffl$tlTSfcAlS 

ffl^&«^<0'j-£«aE42£?K-r. 

[0025] ^m<Dm<Dmmmmiz^xmm 
\z$tmLTthij$:fto. s««a*s;a>xii»*m»T» 

-So ^<Z)|IIffi«ffi<7)iii**J5!c:S:H5 tC^To **SS^J(I 

[0 0 2 6] 05 (DHSilOl tt* TFT50l~TFT506<h, U 
■fey hfflTFT507, X^m^^^BMl03 . &«Cstl04-C« 

;s^n, mm\o\ «sis±tc7u-<tRtca«snT^ 

(DA'-f 7X«fiE^H3*Patl^ 0 7Xffl<7)TFT501tt, 
y-h«1S, y -X A-f 7X^509 £/^C7 

x^sio tjcsgissan, y-h, y-xfa*ffi*-*ic 

HSLT^S. TFT501CD KU-<>«ffi(i, «^«108 iZ 

«#mo8 «^«mffl«)ja«8iio 

iCSilTt^c ffl*ffl<OTFT502t±» y-htt«**Cstl 
04t. FU<>««rtMs-^*108 t, flTV-Xtl 
^ig*?ffl<75TFT503<O K U-f >lil:}^LTt^o * 
fc, TFT503wy-h«««*fi»107 iztm^tl. y- 

x«a«A-f 7x«5ii tc«iKan, /htxie^ 

teStiT^S. ^81107 (7)#iaSt±3ta£«IKSl!iIiI8S109 
CSasnt^So U-fey hfflTFT507ti, 

>«S^Cstl04, y- hfflffi^X-f u/^|rI&508 

[0 0 2 7 ] ^S«ligK[HlgSl09 (C<toTTFT503^^-> 

-r^^(cCsti04^m^^$nTi^ch, tftso2^^- 

>LT*3 0, /NW 7X^511 ro«ffi^fs^S»108 KB«jn 

sna. ap%, cstio4ic*a$*ifc«ffif***ffi^*jjis 
n, ta^j^n^c th y j ^ . x-t^^rsssos (ictou-t 

y hfflTFT507£:*>U Cstl04t3JSoT^**^*ttai 
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[0 0 2 8] «Hffl@SSliTFT504~TFT506J;9&D. * 
WSSWffleDTFT504©y- hm««Cstl04K:, KK>t 
StiAW 7Xffl©TFT505© K UW >iffii:MSn. V 
-XttffiKteAW 7Xigg512 «fc 0 AW TXmBE^EntJDb 
TFT505<Dy-h«ffi£V-X«ffittS-*. AW 
7X&513 . AW7Xi®514 tC««SnTftO, y- 
K V-XKm)ESr-^tC@^UTV^. &ISffl©TFT5 
06©y-X«a«Cstl04lC, y- h«SttTFT504«) Kl/ 
-f >mHi:TFT505CD H U-f >SffiOiBI^SilsS!StlTVs 
4. 10 

[0 0 2 9] Cstl04t::mffirtW£OR)f5£«mffiJW±lC_L 
#-f£<h, TFT504**=4->U -^tliCt OTFT506fc^->-T 

3&e#7&*sifaiu cstio4^icjsffiE75^d^e)^ti. a* 

-f 7X&513 <hAW7X«514 ICtWSAW 771E^ 
C t (I <fc 0 . TFT506^ em^sitai L&«£>-5Cs 
1 104©m{i£&&£ £ <fca»lti**. 

to o 3 o] &$zmmmz&^T, cnewTFT j;o± 
mmmmo*. ? ic^&©tft zm^zmtiiz* mmmsk 2° 

\Z&r>. X*JfflftfKJ:*y 

OT, TFT <fc D±«))Bl:Xigl»«l«»co*#t»«^S:ffl 

10031] xmmM\z<t:z>£im±o)%>iz\*, m*. 

tt. S3 P-Si TFT102±©y— h««307 . 

■dmb*R3io . mmnmm mz* x«en«R^cu 

K a«HC*5ttSSe©XiBl!RiR«ft399ciD -i^D^fU, 
X«!ftiKttS:W400ci -'£U:0>im*flI^**a»S*l> 
-^^i-rntf. -tOD^WSfflt^TDSJlOOnm ~#J2 jam 

(Dfgmnmmiz-rztcuK amo>mou>*9t%&>±£i£ 30 

0. Se^cD^BMjli§Scox^tZck-5TFT &i£^<D§£ig 
ICS*L+»#S*T»4. CuK a^»®iK^RliIn203 T 
750cm -i, Sn02-e646cm -i. jg^mSITO T-739cm 
MoW T2175cm-i. MoTaT2044cm-i 

«»««*J&»400cm -i£t±©»»tbT. Zr. Ti. Ta. 
Hf. Th. Y . Sc*©*«tfflfc»Tt)ft^. ITO Tteln© 
«J**»W70~»100 X£*Sl»3&**3»*tf»»0. «FSU 
<tt»80~«95*a«&H. ^-fflfl&lcb, Altr©JR«»OT 
*#t^Zr. Ti. Ta. HfSt&£i£tt]L;fcBiT*n«. d*l<=> "0 

fc. Al*Cu«Wffiifitt<fe»N=X*«tt«»ro*S»r>Th. 
Sm, Gd, Nd. Dy. Pr. Tb, Ce. Pd. Rh. Eu. La. Tm, E 

r. Yb. y . sc»©*±m»*&««*sanLfc , b©t> 
m$?T-*o. j£&Miio7 . mm%m . est ^201 . a 

~^lOOkeves©x*;i^-©Xi££ffl^£:«£. x^ 
<D&iR%&mz&'j><D&ittf£.cz>w, m^mzitrnm 
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[0 0 3 2] *^SS0iJT'tt. «S5fflTFTlllS:iiI3gl01 © 

xm&ffifim^&izm%i'Ait(Dmi&rf±2 < 

«tfifflTFTUlSria^@S301(DTiriHSf 
[0 0 3 3] ifi^^ASTti. Se!Kfttt313 ©±©± 

a^iimffi3i4 \zmi ~^jiokveswi55m/E*9iju-r 

4. H^^H301 T^«SlfflTFTlllS:i9:(tf«c^«-&ia. 
Z.<WS,mmtSem9tmtt fC«fc£#S. ttlfi*&JMa312 
l:±**a. JHM«fiMcBt310 tCfcS«EMT4*ffiS*l. ft 
«fflIFTlll©y-h««307 t, A*-f 12 

f u-r >m.mv>?&\z\z. i3ova*©as*ma*a«josn 

5. <tot, «MfflTFTlll©B««EE©as»*«»*L,. 
ttttfcJ&fcSttfti^tetta***. $ blcSe^7t*313 © 
Jttt**X*KJ:0ttTL&«*tt. JS5«EE©*HB#**#« 
JBTFTlll©y-h«K307 {:BPlwan**lC, y-m 

1S307 t Ku-r>«ait«)iBiicjas«E7»^H]jBsn. y- 

tHZti U «MfflTFTl 1 l*B*m«30l" ©Td^fS Ufc 
ig^lCli. iS*mffi301 tC«t0^fflTFTlll^«->- 

[0 0 3 4] ftf!l6Jft|R312 iLTH L 
T. SiNx, Si02, StfiftiiiLT. #'J-f5K« 

( Jt»«>P e =3. 3. WJ£300V/mm) . BCB ( £ =2. 7, WE40 
OV/mm). JSR(«) «7 5^ U;HR!S3tl»liHRC( « =3. 2) , 

ii/yx h?^ffli>n«s<, -n<b&!&mzmcT& 

SLTfeSU. 7*y**»ffit>. Jttt«*t««2. 1 £/J*S 
t»»tC*r«iT*4. cn&09«tSI6MiK[312 OTJgjSicis 

^. «lifflTFTlll^H^«S301 T(w^c£-r^>«-&(C 
tt, «IS«6^312 «. *«J2 ~^JlOMin ©IRJ9*«*f*L 
^. H*«ffilcJ:*«MfflTFTlll^©a£«*fc<TK 
ti. «ISfflTFTlll's©En»um!E^H^Iite(rJlOV) ©10 

312 tLT. W«fiHflg^ffl^ ; 5^^|-«)rj2 yi El±. 
M(Ctt^J4 Ui.±^Jl5/zm JWT©8»PT&£*t5W-£ 
HSf|^301 ^-fC{!6lgfflTFTlll^!3:^-r€>«^l3 
ii«fS*6i^m312 ttffjlO~iB15tfi @^©S5?/?T$.4» 
75«S*L^. p-Si TFT102©^iSt IT. y- h 

[0 0 3 5] X^m^^B5?103 ilTli. a-Se. a-S 
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